We correlated bronchoalveolar lavage (BAL) cell populations with clinical course and outcome in 19 patients with Pneumocystis carinii pneumonia and acquired immunodeficiency syndrome. Twelve patients demonstrated an elevated (greater than or equal to 5 percent) BAL combined neutrophil and eosinophil count, which correlated with the magnitude of the alveolar-arterial Po2 gradient. Patients with elevated BAL granulocytes also had significantly higher serum lactate dehydrogenase levels. Three of the four patients who died had the highest percentage of neutrophil Pneumocystis carinii pneumonia is the most common opportunistic infection in patients with the acquired immunodeficiency syndrome, and is associated with an approximately 28 percent mortality.' A number of studies have characterized the alveolitis peculiar to such patients both with and without P carinii infection.24 Bronchoalveolar lavage (BAL) has revealed increased total cells and lymphocytes, often increased neutrophils, and occasionally elevated eosinophil counts in lower respiratory tract fluid. The clinical significance of these various cell patterns in lavage fluid has not been determined. We evaluated lavage cell patterns of 19 patients with P carinii pneumonia and correlated differential cell counts with clinical findings and outcome. Eight patients at risk for acquired immunodeficiency but without P carinii infection served as a control population.
PATIENTS AND METHODS
The study group included 19 patients at risk for acquired immunodeficiency syndrome who were first seen when they had shortness of breath or cough. Pneumocystis carinii was demonstrated in lavage fluid or tissue from transbronchial biopsy in all cases. Three patients had a previous episode of Pneumocystis pneumonia five to 12 months prior to entry into the study (lavage 3, 13 and 14, Table 1 ). Two patients had pulmonary tuberculosis diagnosed four and 12 months previously (lavage 9 and 11). Both were on anti-tuberculosis therapy counts observed in lavage fluid. Although no patient was thought to have a concurrent bacterial infection, potential pathogens were cultured from the sputum of patients with the most elevated neutrophil counts. Whether BAL granulocytes reflect an inflammatory process analogous to the adult respiratory distress syndrome or signify concomitant bacterial infection remains to be determined. We conclude that BAL granulocytes are associated with more severe respiratory compromise in patients with Pneumocystis carinii pneumonia.
and neither had evidence of active infection on subsequent culture. One patient (lavage 12) underwent repeat lavage one month after the initial bronchoscopy.
An additional group of eight patients served as a control group. All had risk factors for acquired immunodeficiency syndrome, and were first seen when they had respiratory complaints; seven patients had fever and two had prior documentation of Pneumocystis infection five and six months previously. One patient had non-Hodgkin's lymphoma and serology positive for HIV. At bronchoscopy, neither P carinii nor evidence of other infection was found. On the basis of both clinical and radiographic criteria, no control patient was thought to have bacterial pneumonia.
After obtaining informed consent, BAL was performed through a fiberoptic bronchoscope (Olympus BF, type 10) gently wedged in either a lingular or right middle lobe subsegmental bronchus. No patients were endotracheally intubated at the time ofthe procedure. Between 120 and 150 ml of normal saline solution was instilled, in 30-ml aliquots, and immediately aspirated manually with a syringe.
The collected lavage material was pooled, strained through a single layer ofsurgical gauze, then centrifuged at 500 g for ten minutes. The resultant cell pellet was washed and resuspended in Hanks balanced salt solution. Total cells were counted in a hemocytometer and differential cell counts were performed on a Wright-stained cytocentrifuge preparation.
The clinical parameters recorded were duration of pulmonary symptoms, alveolar-arterial oxygen pressure difference P(A-a)02 on room air at the time of bronchoscopy, serum lactate dehydrogenase (LDH) level, degree of abnormality evidenced on chest x-ray film, routine sputum culture, and outcome. Pre-bronchoscopy chest x-ray films for 16 of20 patients were reviewed by two observers blinded to the aforementioned clinical parameters, and graded for severity of infiltration on a scale of 0 to 3. Patient outcome was noted as either death within three weeks of diagnosis or discharge from the hospital.
All data are expressed as mean + SD. Group means were compared by the unpaired Student t test, differences in outcome by Fisher's exact probability test. Linear regressions were calculated by the method of least squares.
RESULTS
In the control group of eight patients at risk for ac- Table 1 ; all control patients had less than 5 percent combined neutrophils and eosinophils in BAL cell counts. Six of eight had abnormally elevated P(A-a)O2 greater than 20 mm Hg (Fig 1) . The average age was 42.5 yrs (range, 33 to 68 yr); six of eight were smokers.
In the study group of 19 patients with P carinii pneumonia, neither the percentage of return of lavage fluid (45 percent; range, 27 to 67 percent) nor total cell count was significantly different from that of control subjects. However, the proportions of macrophages, lymphocytes, and neutrophils differed significantly from control subjects ( Table 1 Significant differences in P(A-a)02 distinguished group B (greater than or equal to 5 percent BAL granulocytes) from group A and control subjects (Fig 1, Table  1 ). For the group B patients, a significant linear correlation was found between P(A-a)02 and neutrophil counts in percentage (r=0.65, p<0.05). The highest correlation found was between P(A-a)02 and the combined neutrophil and eosinophil percentage (r = 0.75, p<O. 01, Fig 2) . No correlations were found between P(A-a)02 and total cell, lymphocyte, eosinophil, or absolute neutrophil counts. No correlations were noted between peripheral white blood cell counts and percentage values of neutrophils or eosinophils recovered in lavage fluid.
The mean serum LDH level for all 19 Pneumocystis patients differed significantly from those of control subjects (p<0.01). Although a significant difference in mean LDH also was found between group A and group B (p<002), the calculated linear regression between LDH and BAL granulocytes for group B patients was not significant (r =0.35). No correlation was seen between serum LDH and lavage lymphocyte counts.
There was no significant difference between group A and B with respect to age, duration of symptoms prior to admission, risk factors for acquired immunodeficiency, or abnormalities evidenced on chest x-ray film.
All patients in group A recovered after therapy for P carinii pneumonia and were discharged (Table 1) . Four patients in group B died in progressive respiratory failure within three weeks after diagnosis, including the three patients with the highest percentage of neutrophils in lavage fluid (52, 50, and 44 percent Results of routine sputum culture from expectorated material obtained within two days of bronchoscopy showed either normal oropharyngeal flora or no growth in 11 of 15 specimens. In the four patients who died, S aureuts was cultured on specimens from two and Pseudornonas aeruginosa, on a specimen from one. No sputum culture was available on patient 11, the fourth nonsurvivor. None of the three was treated with antimicrobial agents other than trimethoprim-sulphamethoxazole. Hemophilus influenzae was cultured from the sputum of patient 9 who recovered; the organism was sensitive to the trimethoprim-sulphamethoxazole being used to treat his P carinii infection. inflammatory process mediated by granulocytes. Serum LDH levels, a possible marker of pulmonary injury in P carinii infection,"'3 also were significantly higher in the subgroup of patients with elevated BAL granulocytes. Prior investigators have speculated that elevated serum LDH seen in patients with Pneumocystis pneumonia reflects lymphocytic interstitial inflammation." We found no correlation between serum LDH and lymphocyte counts in lavage fluid. Rather, elevated serum LDH levels may reflect both damage to type I pneumocytes, and damage to the alveolocapillary membrane, permitting backflow of LDH into blood. '2 In the present study, the three patients with the highest proportion of neutrophils in lavage fluid all died in progressive respiratory failure. The patient with the fourth highest neutrophil count recovered; normalization ofgas exchange was accompanied by disappearance of the neutrophil alveolitis on a second bronchoscopy. In this patient, the possible role of the neutrophil in the initial respiratory failure is supported by the continued presence of innumerable P carinii cysts and trophozoites on repeat biopsy at the time of clinical recovery. Other investigators also have reported persistence ofP carinii organisms in lung tissue of patients with acquired immunodeficiency syndrome after apparent clinical recovery.'4 Our findings suggest that respiratory failure associated with Pneumocystis infection may be more specifically related to a granulocytic inflammatory process rather than to the presence of P carinii organisms per se.
Although increased BAL granulocytes in Pneumocystis pneumonia associated with respiratory failure may be analogous to increased and presumably pathogenic granulocytes in ARDS, our data raise alternative explanations. Review of routine sputum cultures revealed pathogens in four patients with the most severe neutrophil alveolitis. Three of the four patients with positive sputum cultures died. None was suspected of harboring a bacterial infection and antibiotics were administered only late in the course of intractable respiratory failure. Culture in the fourth sputum-positive patient grew H influenzae, which was sensitive to trimethoprim-sulfamethoxazole. This patient recovered after treatment of Pneumocystis pneumonia with trimethoprim-sulfamethoxazole.
It is known that patients with acquired immunodeficiency syndrome have increased susceptibility to bacterial infections. 1316 Simultaneous pulmonary infection with P carinii and often unsuspected bacterial pathogens have been reported; such multiply-infected patients have an increased mortality. '`'`In two recent studies, increased BAL neutrophils have been observed in association with cases ofbacterial pneumonia diagnosed by quantitative culture of lavage fluid."'2' Although none of our patients had purulent secretions seern at bronchoscopy or focal infiltrates present on chest x-ray filin, those with a more severe neutrophil alveolitis may have had a complicating bacterial infection that, untreated, resulted in an adverse outcome.
In conclusion, in patients with acquired immunodeficienrcy anld P carinii infection the presence of a neutrophil-eosinophil alveolitis is associated with a more severe clirnical course characterized by greater abnormalities of gas exchange and greater elevations of serum LDH. Whether the granulocyte accumulation reflects ani iniflamminiatory process similar to ARDS or signifies conicomnitant bacterial infection remains to be investigated. Nevertheless, granulocyte accumulation in BAL is associated with more severe respiratory compromise in patienits with P carinii pneumonia.
